Abstract
Introduction
A ground penetrating radar (GPR) uses the reflection and refraction of electromagnetic waves on the discontinuous place of the electromagnetic property in a medium to realize surface layer (usually less than 50 m) imaging and locating, and then qualitatively or quantificationally identifies the change in the electromagnetic properties of an underground medium to detect underground targets. Because underground media are various (and compared to free space), the electromagnetic wave from GPR has more propagation loss, and the discrimination between the targets and their surroundings is not too obvious, which leads to difficulty of the detection of underground targets. Over the past nearly 20 years, the researches have made unremitting efforts on subsurface targets identification using GPR. Ljudmila Kleinmann, Jurgen Laugks and Klaus-Peter Nick applied a modification of the Hough transform(HF) to the detection of specific buried objects in ground penetrating radar image, and used a method of the texture analysis to determine the soil structure [1] . Chi-Chih Chen, Matthew B. Higgins and Kevin O'Neill developed a special processing algorithms to extract the polarization, orientation, depth, and length features of the target, and utilized the polarization and resonance features to discriminate subsurface ordnance from false-alarm objects that do not have elongated bodies [2] .G.Hoffmann describes methods for pattern recognition of multiple time signals of embedded targets in water or soil, and investigated the received times signals using characteristic features for metal and plastic pipes in water [3] . Selpk Paker used FDTD method to solve transient scattering problem in an arbitrary two-demensional inhomogeneous, isotropic medium, and analyzed the measured transient response of the object [4] . Allen Benter examined the potential to identify objects where the background media and the object exhibit the same dielectric properties [5] .Nana Rachmana's research tries to enhance GPR capability by representing the visual/pattern of the detected target and to classify GPR data of many basic objects(such as circular, triangular and rectangular cross-section) using a data training model [6] .Van den Bosch I, Vander Vorst A. and Lambot S. used the equivalence principle to decomposed the GPR signal in its soil and target-in-soil contributions [7] .Naomi R. Schwartz and Amir I. Zaghloul performed a measurement of homogeneous and heterogeneous soils with and without targets in a controlled environment and to characterize the different material layers, do further analyses of the data based on position and frequency [8] . Recently,with the development of image processing technology, the main methods for subsurface targets detection currently adopted are image processing methods, such as neural network [9] , wavelet analysis [10] , template matching [11] and other pattern recognition methods such as support vector machine (SVM) [12] , target identification methods based on image formation [13] , and methods based on signal energy detection [14] .The methods using image formation are limited by radar map quality and exhibit mass quantity of the calculation. Although the signal energy detection methods exhibit fewer calculated amounts, they merely can be executed for a rough detection to targets in the radar map.
In this paper, we proposed a new target identification method based on dielectric constant inverting algorithm. Its main idea is to use first Hough transform to locate target, then on the location the target lies , execute a dielectric constant inverting. By analyzing the numerical value of dielectric constant to determine the kind of targets, the target classification will be realized. This method not only overcomes the shortage of traditional method that can not distinguish the different targets, but also overcomes the shortage of image processing method that only give a coarse-grained classifications. So the algorithm proposed in this paper has many advantages such as fine grit, high precision, and can distinguish different targets in same area.
The basic idea of the algorithm
The technical feature of the algorithm is the use of image processing and Hough transform to locate the target, and then the adoption of the layer-by-layer inverting algorithm to invert the dielectric constant on the scanning track of the target, according to the numerical value of the dielectric constant from the inverting algorithm to identify the type of target. The main idea of the algorithm is as follows:
(1) Implement image processing for the radar map form GPR, including inhibiting or eliminating the antenna coupled wave, direct wave, random noise, and so on, to improve the SNR of the image. (2) To reduce the times of iteration of Hough transform, add a window to the image to statistics energy in the window to extract the two-dimensional area where the target lies and adopt two-dimensional filtering to smoothen and cut the image. (3) Execute Hough transform to the segmented image to determine the location of the peak of the hyperbolic curve. (4) After completing target identification, according to the location result, the number of layers is determined and at the same time, initial parameters and calibration factors required by recursion equation of layer-by-layer inverting algorithm are identified using the electromagnetic wave transmission method. (5) After obtaining the initial parameters and calibration factors, use layer-by-layer inverting algorithm to invert the dielectric constant of different layers. (6) Determine the category of the target according to the numerical value of the dielectric constant to realize underground target discrimination.
Underground target identification using dielectric constant inversion
Through Hough transform, the location of the target is usually determinate. To identify the target's attribute, this paper proposed an improved dielectric constant layer-by-layer inversion algorithm. This algorithm uses the numerical value of the dielectric constant to deduce the attribute of the target. First, according to the depth concluded from Hough transform, determine the detection depth using the radar, that is to say, determine the frequency of the antenna, time range, and samples per scan and other detection parameters. At the same time, if the included angle of the two straight lines if it is large, indicating that the target is also large. We may use fewer samples per scan to speed up the iterative operation, but this may influence inversion precision. 
Layer-by-layer inversion algorithm of dielectric constant
In general, because underground media are composed of granular materials, electromagnetic will scatter when propagating in them. The echo wave received by the antenna may be regarded as the total of scattering echo waves from the corresponding virtual layers. Both the scattering wave that does not reach the receiving antenna and the refracted wave are combined to be regarded as the total refracted wave of the virtual layer. Through this abstract, the propagation model of the electromagnetic wave in the underground medium is shown in Fig.1 . In this figure, we disregard two and more reflected waves, and 
where L is the number of layers divided by us, and
are the amplitude and time-delay of echo waves from various layers. When measuring in small ranges, we may suppose that the underground medium's dielectric property is homogeneous and the noise is processed well by signal processing technology. Thus, the model is adapted for the received wave emulation.
When considering only the primary reflected wave, according to the laws of reflection and refraction, we can obtain the relational expression of the dielectric constant and the wave amplitude from the corresponding layer, as shown in Eq.2. (2), we may obtain the recursion equation of the dielectric constant, as shown in Equation (3).
Through iteration, we may perform calculations layer by layer. In this process, however, initial parameters are required and will directly affect inversion precision. Accurate initial parameters may be obtained by adjusting using the through-transmission technique.
Determine the number of layers
The division of layers of the underground medium depends on the two parameters, time range and samples per scan. When measuring, we should press the antenna against the ground to reduce propagating and geometrical attenuation. When measuring , we usually adopt a 40 ns time range and suppose that the average velocity of electromagnetic wave in underground is 10 cm/ns, then the depth required by data collection is 40 ns×10 cm/ns=400 cm. In practical measurement, considering the resolution ratio of the radar, we may combine adjacent virtual layers to reduce the number of layers and speed up inversion. However, precision will probably weaken. For example, suppose samples per scan is 512 and the depth is 400cm, then the interval between sample values is 400cm/512=0.78125cm. This interval is so short that the distinguishment between dielectric constants is not apparent but the computation time become long. So, we can combine several intervals into one virtual layer. For the example, we can combine 10 intervals into one virtual layer, so each virtual layer's height is 7.8125cm, and the number of virtual layers is about 50.
Introduction of error calibration factor
When the electromagnetic wave is a plane wave and the underground medium is lossless, non-dispersive, and layered, the layer-by-layer inversion algorithm is applicable. In practical measurement, however, the electromagnetic wave sent by the antenna cannot simply be regarded as a plane wave, and the underground media is usually a typical dispersive medium. To improve measurement precision, the introduction of error calibration factor is necessary, shown as follows:  , and 0  are necessary. The method for determining m A is as follows: take the metal plate as a reflection panel, and press the antenna against the metal plate. The energy from the transmitting antenna will be reflected in the receiving antenna, and exhibit no energy loss because of no geometric divergence. Then, the amplitude of the echo wave may be regarded as the transmitting wave's amplitude. A0 is the amplitude of the reflected wave from the earth's surface. 0  , whose value is 1, is the air's dielectric constant, and 1  denotes the dielectric constant of the earth's surface. In this paper, we use a kind of transmission method similar to logging technology to precisely measure these parameters. The measurement method is shown in Fig.2 . A measuring system is composed of one transmitting antenna, oscilloscope, sweep generator, and two receiving antennas. When measuring, transmitting and receiving antennas are all inserted into the ground because the distances from the transmitting antenna to the two receiving antennas are different. The oscilloscope may output the amplitude ratio and phase difference of the two receiving signals. Based on amplitude ratio and phase difference, the dielectric constant can be resolved. The resolution method is divided into two types: non-inversion algorithm and inversion algorithm. We use non-inversion algorithm in this paper. Non-inversion algorithm is mainly based on the electromagnetic wave propagation model. It has three usable models: the plane wave model, spherical wave model, and mixed wave model. If the detection range is small and the detection frequency is lower (50-200M), we may first use the plane wave model, then implement geometrical attenuation adjustment.
Regarding the subsurface wave as plane wave, then (10) and geometric divergence adjustment factor is As=44.65+tp 1 (1.324+0.184tp 1 ) ,then the amplitude is EATTc=EATT-As and =（EATT-As）/8.686 after adjustment.
The experiment results show the adjusted plane wave model is better then the other two models, so we used the adjusted plane wave model to calculate original dielectric constants.
Conform to the adjustment factor
When calculating the linearity error adjustment factor, calculating every layer's error adjustment factor is not necessary. Because of the various layers belonging to the same medium, the error factors are the same; thus, we can replace i k with 1 k . Incorporate the parameters m A , 0 A , and 1  into Equation (4) and suppose that
. Then, we can calculate the linearity error adjustment factor. 1 f is the attenuation factor from air to the earth's surface, and because of the antenna pressing against the ground, which leads to less air attenuation, 1 1  f is reasonable. The method to conform to the amplitude attenuation adjustment factor in the recursion equation of the layer-by-layer inversion algorithm is also a transmission method. Place the antenna into the underground second layer and record the insert depth, then measure the dielectric constant and record the return value of the radar from the second layer. Incorporate the previous initial parameters, linearity error adjustment factor k, and return value from GPR into recursion Equation (4), and then calculate amplitude attenuation adjustment factor 2 f . Considering small range measurement, the dielectric constants of the different layer are least differentiated. Therefore, the attenuation of different layers is almost the same. Thus, we can replace the different layers' amplitude attenuation factor k f with 2 f , namely,
After confirming the initial parameters and iteration coefficients of Equation (4), we can calculate the dielectric constants of various layers according to the amplitude value of the echo wave from GPR, including the dielectric constant of the layer where the target lies. By drawing the distribution map of the dielectric constant on a single scan, and according to the value of the catastrophe point, the attribution or classification is confirmed.
Experimental results and analysis
To verify the algorithm, we had some experiments done on the known subsurface targets. For example, we buried an empty box 1.2 m in depth away from the sand pile surface. The empty box size is 20 cm×20 cm×20 cm. The horizontal distance in which the antenna may move is 12 cm. The target is 7 m away from the location where the antenna begins to move. We used the panel antenna with a mid-frequency of 80 M, and set time range to 40 ns and samples per scan to 256. Suppose the speed of the electromagnetic wave is 10 cm/ns in the sand pile, then, the depth that GPR can reach is 4 m, and the distance between samples per scan is 400 cm/256=1.5625 cm. Considering the size of the empty box, we combine four sampling points into one layer, then the entire sand pile that we can detect may be divided into 64 virtual layers. Each layer is 6.25 cm high. In testing the initial parameters and calibration factors using the transmission beam method, we used a stretch rod antenna, and adjusted the frequency of the sweep generator to 80 MHz.
In the measurement, the panel antenna presses against the surface of the sand pile, and moves in a horizontal direction. When moving, we set the distance between scans to 10 cm. The initial radar map we recorded is shown in Fig.3 .
We first pretreated the recorded radar map, eliminating the antenna coupled wave, direct wave, and random noise, to improve image SNR. We then used two-dimensional filtering to smoothen the image. Finally, we performed Hough transform on the pretreated image to conform to the horizontal location of the vertex of a hyperbola. The result of the pretreated image is shown in Figure 4 , and that of Hough transform is shown in Figure 5 . After finishing target location, we may perform a layer-by-layer inversion to the dielectric constants on the scan where the target lies. We first should conform to the initial parameters, error adjustment factors k, and amplitude attenuation factors f, which the inversion algorithm requires, and can be completed using the two-step transmission beam method discussed previously. We then perform the inversion algorithm proposed in this paper. Using an RIS-K2 radar (IDS Corp., Italy) with 80 M frequency, we can obtain the initial parameters and adjustment parameters, as shown in Table 1 . After conforming to the initial parameters that the inversion algorithm requires, we can invert the various layers' dielectric constants (including the dielectric constant of the layer where the target lies) according to the echo wave's amplitude collected by GPR. After inverting the dielectric constants, we drew a scatter gram of the dielectric constant on a single scan, and according to the location of catastrophe point, to determine the attribution and classification of the target. As shown in Figure 6 , the diagram is a dielectric constant scatter gram from experimental results. From Fig.6 , at depth 1.2 m, there is an obvious trap on the diagram, which means there is a target with a small dielectric constant. Based on the fact that the value is 1, we can conclude that there is a cavity in the ground.
The above experiment only shows it is feasible for the proposed method in this paper to detect and identify subsurface targets. To determine the capability of the algorithm to distinguishing and classifying multiple subsurface targets, a large number of experiments have been done in different circumstances. To illustrate this, we selected four typical radar maps and analyzed the corresponding results in this paper, shown in Figure 7 , Figure 8 , Figure 9 and Figure 10 . , the time range is 80ns, samples per scan is 512, and the scan interval is 2cm. According to the results of Hough transform, the horizontal locations of object1, object2 and object3 are determined. On scan lines of Object1, Object2 and Object3, we used initial parameters from transmission method proposed in this paper to perform a layer-by-layer inversion algorithm, a distribution curve of dielectric constant can be obtained. Because there is no cross point about Object4, we can't perform the inversion algorithm on it. From Figure 8 , there is a declining wave that dielectric constant is about 10 in 1.15m on black line. As a matter of experience, soil's dielectric constant is about 15, and metal's dielectric constant is less than 10 under the low frequency circumstance, so we can infer there is a metal pipe in this location, There is a wave from low to high level in 1.05-1.2m on red line, and we know plastic's dielectric constant is about 3 and water's dielectric constant is 81, so according to the dielectric constants it means, we can conclude there is a PVC pipe full of water in this location after considering calculation error. In 1.05m on blue lines, there is also a wave from low to high level, and according to the dielectric constants it means, we can conclude there is a sewage pipe in this location. Thus it can be seen, we can distinguish and classify the subsurface targets and even their status according to the distribution curve of dielectric constant and our experience. Figure 7 , only scan interval is set to 20cm. From Figure 9 we can see five objects, and according to the field situation, we can determine Object4 and Object5 is same as Object1 and Object2. From Figure 10 , we can determine a sewage pipe within the scope from 1.1m to 2m on black line after considering error, and there is a cavity within the scope from 1.1m to 1.8m on red line because of very low dielectric constant due to Roadbed subsidence, and there is a same descent on blue line on same location, which probably means cable duct after considering the dielectric constant. Figure 11 is the radar scattering echo piling chart of indoor targets. From the Figure 11 , we can see there are some scattered objects which have stronger reflection in 0.5m, and there are many pointed objects dominated by hyperbolic curve within the scope from 1m to 2m, they are reflection signals from indoor goods. In this experiment, we select several typical objects to perform the inversion by using Hough transform. From the distribution curve in Figure 12 , we can see in 0.5m of black line, there is a wave crest which dielectric constant is 9, considering there is no reflection under the curve, we can roughly conclude there is a metal pipe in this location. The wave crest in 0.5m of red curve means there is a plastic pipe full of water, and the blue line means there is a object which dielectric constant is 8 in 0.4m, which means the rebar in wall, and the green line means there is also a metal pipe in 0.5m. Comparisons were made to different identification methods such as wavelet packet, support vector machine, neural networks and energy statistical method. In this experiment, we selected 142 radar maps from lots of results. In these radar maps, metal pipe, PVC pipe, concrete drain tile, drainage ditch, cable duct, cavity and rebar are included, and maybe there are more than one object in some maps. Table 2 shows comparison result of these methods. Form table2 we can see the method proposed in this paper has better recognition rate than the other four methods on identifying subsurface targets, and has more outstanding advantage on identifying concrete drain tile, drainage ditch and cavity. On the whole, the method proposed in the paper is superior to the other four methods, which means the method in this paper has fine grit feature and higher recognition rate. 
Conclusion
In this paper, we proposed a new method to identify targets on the ground. Its main idea is to identify the underground targets by analyzing the dielectric value obtained by the proposed layer-by-layer inversion algorithm. In this method, we first locate a dot target using image processing and Hough transform technology, then employ a layer-by-layer algorithm to invert the value of the dielectric constant on the scan where the target lies. Before inverting, conforming to initial parameters, calibration factors, and attenuation coefficients using the transmission beam method is required. Experimental results show that for the target buried under the ground, this method can recognize the type of targets directly. For laminar targets, this method may disregard Hough transform, and directly use the initial radar map to invert the dielectric constant. In this situation, we may select numerous scans to perform inverting, and conform to the layer's distribution by comparing the inversion results. Simultaneously, this method also presents come limitations. For example, this method requires that the detected area be identical to the kind of medium used. For multiple layer media, because of the
